Objectives: Low-income households in the UK concentrate factors associated with poor record-keeping such as lower literacy, numeracy and English language skills. The present study aimed to (1) compare the validity and acceptability of three dietary survey methods against appropriate reference measures and (2) identify a method which was both valid and acceptable in low-income households. Design: Cross-sectional design comparing three 4-day dietary survey methods (multiple-pass 24-hour recall, food checklist and semi-weighed method) against a 4-day weighed inventory and other reference measures within subjects. Setting: London, UK, 2001. Subjects: Low-income households were selected using a doorstep screening questionnaire in 18 of the 60 most deprived neighbourhoods in London. Results are based on 384 respondents (159 males, 225 females) aged 2-90 years in 240 households. Respondents were mainly White (48%), Black or Black British (31%) or Asian or Asian British (9%). Results: The dietary survey method preferred by interviewers was the 24-hour recall. Most respondents preferred the food checklist. Compared with the weighed inventory, repeat 24-hour recalls and the food checklist yielded higher estimates of energy and nutrient intakes. The semi-weighed method was least liked and yielded the lowest estimates of intake. Conclusions: Based partly on evidence presented here and partly on evidence to be presented in later publications, four multiple-pass 24-hour recalls were recommended as the most appropriate method for a national study of diet and nutrition in low-income households in the UK.
There is growing evidence to suggest that poor nutritional status is a specific cause of higher rates of ill health in low-income households. People in low-income households typically have less nutritionally adequate diets, especially those who live for long periods on low incomes 1 . Much of the evidence to date is based on national surveys in which the number of low-income households is few, classification of households is based either on receipt of benefit or employment status, and cooperation rates in low-income households are low. As a result their circumstances are not studied specifically 2, 3 . The lack of published data and information on food and nutritional outcomes for those living on low incomes is partly attributable to the difficulties faced when identifying and accessing them for research and measuring their food and nutrient intakes 2 . Lower literacy, numeracy and language skills (especially among some minority ethnic groups) are more common in low-income groups. For households where English is not the first language, prospective recordkeeping presents a number of problems 4 . Variations in the level of language and numeracy skills across the whole sample mediate against comparable record-keeping in all households. Those with the lowest skills may have difficulty in completing dietary records unless assistance is provided by either interviewers or other household members 3, 4 . Physical problems of record-keeping exist amongst some subgroups, especially the elderly and disabled. Poor eyesight, impaired hearing and other physical disabilities such as being chair-or bed-ridden make weighing and recording of diet difficult or impossible 3 . A higher incidence of mental health problems also exists amongst individuals living on low income, particularly the elderly. Dementia creates adverse consequences for data collection, particularly when using retrospective methods of dietary assessment which are reliant on memory. Drug and alcohol abuse may create similar problems, impacting not only on the quality of the data but also on the safety and welfare of the interviewers. A higher likelihood of domestic chaos and stress factors arise among low-income households which mediate against accurate record-keeping and the ability to undertake surveys 3, 4 . In 1997, the then Ministry of Agriculture, Fisheries and Food commissioned a critical review of dietary assessment methods for use in a study of people living on low income ('scoping study') 4 . Methods reviewed included the weighed inventory, household measures, semi-weighed method 5 , food checklist, diet history, repeat 24-hour recall and food-frequency questionnaire 4 . The recommended dietary survey methods were compared in the present study. Three 4-day test methods (multiple-pass 24-hour recall, food checklist and semi-weighed method) were compared with reference measures in a cross-section of people living on low income in London. Reference measures included a 4-day weighed inventory validated with four 24-hour urine collections using p-aminobenzoic acid as a marker of completeness, and comparisons of estimated energy intake with estimates of energy requirements based on basal metabolic rate calculations and reported physical activity levels. The aim was to achieve adequate response rates and accurate dietary data and identify a method which was both valid and acceptable across a diverse sample of low-income households. The identified method was later to be used in a national study of diet and nutrition in low-income households in the UK. This paper compares the dietary survey methods in terms of overall acceptability and effectiveness. Subsequent publications will investigate the validation of the methods.
Methods
Identifying the sample, screening and recruitment Full details of the methods used in the study are given in the Low Income Diet Methods Study (LIDMS) report 3 and summarised below.
Data from the 1998 Health Survey for England (HSE) were used (by the National Centre for Social Research) to construct a deprivation index for each household that took part in that survey 6 . The index was used in an analysis of the HSE data and proved to be the strongest household-level predictor of poor general health. The HSE provides data which are more recent and better focused for the purpose of constructing such an index than those collected in the 1991 Census of Population 3 . The deprivation index, based on characteristics of households that took part in the HSE, was used to rank postal sectors* across London by the average household deprivation index of households in that postal sector (R Thomas, A deprivation index for use in the low income diet methods study, personal communication, 18 October 2000) . The 10 most deprived areas, plus a further eight deprived areas to generate a geographic spread across London, were selected to facilitate concentrated geographical sampling of low-income households.
The sample was designed to include a cross-section of catering unit typesy and degrees of deprivation 4 . A letter explaining the purpose of the study was hand-delivered to each address approximately 2-3 days before interviewers returned to complete a screening questionnaire on the doorstep. Contact was made with 2236 households, of whom 1204 (54%) completed the screening questionnaire. Deprivation at the household level was assessed by asking the doorstep respondent 12 questions. The items included in the doorstep screening questionnaire were based on those used in the HSE household-level deprivation index. Each appropriate response contributed one point to a deprivation score. Questions related to: A score of three or more qualified the household for inclusion in the study. Where possible, one adult (18 years or over) and one child (2-17 years inclusive) were selected at random to take part. If there was no child in the household but two or more adults, a second adult was randomly selected. Pregnant women and children less than 2 years of age were excluded from selection. If agreement to participate was obtained, interviewers made an appointment to return, explain the study in full and obtain consent. Each respondent who completed the study received a token of appreciation of £40. Ethical approval was granted by King's College London Research Ethics Committee. Fieldwork was undertaken between January and December 2001 in three fieldwork waves.
Dietary methods
Each respondent was asked to complete four 4-day assessments of food consumption using different dietary methods over a period of 10-12 weeks. The order of administration of the four methods was held constant rather than randomised for all subjects for two reasons. First, the scoring system devised in the scoping study 4 suggested that the 24-hour recall was likely to be the method of choice for the national study of diet and nutrition in low-income households. If this were the case, it was important that respondents' first experience of dietary assessment in the present study was consistent with the experience that they were likely to encounter in the national study. Second, for pragmatic reasons relating to subject cooperation in a long and burdensome study, and on the basis that the 24-hour recall was the least burdensome of the methods and the weighed inventory the most burdensome, the 24-hour recall was completed first and the weighed inventory last. Originally, the order of the second and third methods (food checklist and semi-weighed method) was to have been randomised in subsequent waves of the study. However, after completion of wave 1 of fieldwork, it was evident the semiweighed method was a great deal more burdensome to respondents than the food checklist. Therefore, in order to minimise respondents dropping out of the study, the order of administration of the methods throughout was: (1) 24-hour recall; (2) food checklist; (3) semi-weighed method; and (4) weighed inventory.
For each day of recording respondents were asked if their consumption of food and drink was usual, less than usual or more than usual. Respondents were also asked their opinion about each method including which method they preferred and why. Interviewers recorded any difficulties that respondents had with each method and if they felt the method reflected what the respondent had consumed. Interviewers were also asked to state their preferred method and reasons why it was preferred.
1. Repeat 24-hour recall -a multiple-pass method based on that used by the US Department of Agriculture 7 was used to carry out four repeat non-consecutive 24-hour recalls with each respondent, including at least one weekend day. Portion size was estimated using packet sizes, number of items, a photographic food atlas 8 or household measures. Where possible, one of the four 24-hour recalls was conducted over the telephone. Interviewers reviewed the food checklist, semiweighed method and weighed inventory, probing for missing items and further details of foods consumed and leftover. Wherever possible, interviewers made between two and three checking visits during and immediately after the period of completion of each of these three methods.
Children were interviewed on a sliding scale of age. With very young children (less than 5 years), the parent/ carer provided all of the information for all four methods. With slightly older children (between 5 and 12 years) the majority of the information was provided by the parent/ carer, with the child perhaps making some additions. Older children (12 years and over) were often able to provide much of the information required.
Respondents were also required to complete two questionnaires. The first ('introductory questionnaire') asked about household income, receipt of benefit, money spent on food and cooking and shopping practices. The second ('eating habits questionnaire') asked about general eating habits at the individual and household level.
Anthropometric measurements were taken at the start of the study, usually at the second appointment. They included height (measured using a Seca Leicester height portable stadiometer) and weight (using calibrated digital electronic personal weighing scales; Tanita THD305). Weight was also measured at the end of the study. In elderly or disabled respondents who had difficulty standing or had spinal curvature, demi-span was measured using a thin retractable demi-span tape calibrated in cm and mm.
Respondents aged 10 years and over were asked to collect four 24-hour urine collections for validation purposes during the weighed inventory method. Results will be presented elsewhere.
Data processing and statistical analysis
Full details of the data processing and statistical analysis used in the study are given in the LIDMS report 3 . A summary is given below.
The project administrator entered the data for the main questionnaires (screener, introductory and eating habits). The dietary data were entered by the two nutritionist researchers, one nutritionist and 10 coders working on a short-term basis who were trained by the nutritionist researchers. Coding queries were dealt with by the nutritionist researchers.
Where detail was lacking for the dietary data, information from the general eating habits questionnaire was used as a default. Where information on portion size was inadequate, previous consumption by the respondent for that method was used as a first default. Otherwise, average portion sizes were used 9 , taking into consideration the age and sex of the respondent. Where recipes lacked detail, closest matches were based on recipe data from McCance and Widdowson's The Composition of Foods, fifth edition 10 and supplements [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , and elsewhere 21 . Where a particular item was not in the database, the nutritionist researchers found a close match by comparing label information from supermarkets or the World Wide Web with food composition tables.
The coding for the food checklist differed in some ways from the other methods. For instance, although the food checklist listed only one general category for certain foods e.g. normal and low-fat yoghurt, data from the eating habits questionnaire were used to code the type of food eaten most often by the respondent e.g. low-fat yoghurt. Eating habits data were also used for coding the amount and type of milk and sugar in tea and coffee. On some lines of the food checklist, more than one food was listed. In these instances one food was selected based on the most commonly consumed food listed for the purposes of coding. Information on commonly consumed foods was based on food consumption data from the National Diet and Nutrition Survey [22] [23] [24] [25] . Portion sizes for some foods in the food checklist were adapted at the coding stage for children under 6 years of age, where the difference in adult and child portion sizes was felt to be greatest.
Nutrient intakes for all respondents and all four dietary assessment methods were analysed using Integrated Dietary Analysis (IDA) software, version 2.03 (IDA Publications Ltd, 1997). The nutrient database linked with the IDA software is based on McCance and Widdowson's The Composition of Foods, 5th edition and supplements. Data manipulation and statistical analysis were carried out using the SPSS statistical package, version 10.1 (SPSS Inc.) and Microsoft R Excel 1997 (Microsoft Corporation). Dietary data were scanned for high and low nutrient values (intakes (g/mg/mg) per day and as a percentage of the relevant dietary reference value). Data with extreme high or low nutrient intakes were identified in over 300 files. All respondents with extreme values for energy or nutrients had their computer data checked against the original paper record, and any disagreements were corrected. All other data were checked for outliers and values out of range and corrected as necessary.
In a small number of cases fewer than four days of dietary recording were completed for a method: respondents were excluded with fewer than three days of weighed inventory data or fewer than two days for any other method. Of the 411 subjects whose dietary data were entered, 27 respondents (from 16 households) were excluded from the analysis after a further review of the records. Reasons for exclusions included respondents having an income higher than the LCA (low cost but acceptable) budget standards 26, 27 , having fewer than three days of data for the weighed inventory and respondents becoming pregnant during the study.
Nutrient data for each method were analysed day-byday and as a mean intake of the four days. This paper presents results as a mean intake of the four days. The three test methods (24-hour recall, food checklist, semiweighed) were compared with the dietary reference method (weighed inventory). Numbers in the semiweighed method are lower than for the other three methods because it was not completed during fieldwork wave 3. Comparisons were made within eight age-sex groups (see Table 3 ). A P-value of ,0.05 was regarded as statistically significant. The statistical analyses presented are:
Comparison of mean intakes and standard deviations
of energy and selected nutrients by age group and sex, including analysis of variance (ANOVA).
2. Mean within-subject differences and P-values based on two-way ANOVA and paired t-tests. 3. The number of food items reported according to each method.
Finally, method preference by respondent and interviewer is shown. Table 1 shows the total number of households at each stage of the recruitment process through to completion of the study. The percentage of households has been calculated at each stage. In households where contact was made, the main reason for not answering the screener was a personal refusal. Of those willing to answer, only a few questionnaires (n 5 41) were not fully completed. Overall 829 households* of 1204 interviewed (69%) had a deprivation score of 3 or more and were eligible for the study. The main reason eligible households did not make an appointment to start the study was an outright refusal 3 . Figure 1 shows the percentage of households who scored a point for each of the deprivation factors listed. Results are given for all households for which a screening questionnaire was completed (n 5 1204), eligible households (deprivation score $3, n 5 829 households) and ineligible households (deprivation score ,3, n 5 375 households) based on deprivation scores calculated by computer following data entry 3 . Table 2 shows the catering unit types of the 235 households included in the analysis. For seven households, there was insufficient data for a confident classification.
Results
Respondents self-classified their ethnic group: 48% described themselves as White, 31% Black or Black British and 9% Asian or Asian British. The remainder were mixed ethnicity or from other ethnic groups.
Respondents' mean age, height, weight and body mass index (BMI) by age group and sex are shown in Table 3 . Mean BMI (kg m ). Table 4 shows the mean intakes of energy and selected nutrients by age and sex by method.y No data on dietary supplements have been included in the comparisons. The means are based on the data collected and are not weighted for number of weekday or weekend days.* In children aged 2-10 years, the highest mean energy intakes were reported for the food checklist followed by the 24-hour recall. In children aged 11-17 years and adults, reported mean energy intakes were highest for the 24-hour recall.
The mean within-subject differences between the three test methods and the weighed inventory (reference method) are shown in Table 5 . This illustrates more clearly than Table 4 the main differences between methods, as observations are matched within subjects. P-values are based on paired t-tests. Statistically significant results are shown in bold.
In 2-10-year-old children, the 24-hour recall and food checklist typically yielded estimates higher than the weighed inventory, especially among females. The semi-weighed method generally yielded lower results than the weighed inventory, but the differences were not statistically significant with the exception of carbohydrate in males. In 11-17-year-olds, the 24-hour recall tended to yield significantly higher values than the weighed inventory. Values for the food checklist typically were higher, and those for the semi-weighed method lower than the weighed inventory, but none of the differences reached statistical significance with the exception of vitamin C in females. In adults aged 18-59 years, the 24-hour recall typically yielded higher values than the weighed inventory, especially in males, and the semi-weighed yielded lower values, significantly so in females. In adults aged 60-90 years, the 24-hour recall typically yielded higher estimates and the semi-weighed lower values, particularly in females; however, because of small numbers and lack of power, none of the mean differences reached statistical significance except for alcohol in males for the food checklist.
The balance of these findings suggests that, in comparison with the weighed inventory, the 24-hour recall and the food checklist are more likely to yield higher estimates of energy and nutrient intake and the semiweighed method lower estimates. Figures 2 and 3 show the mean number of food and drink items reported by males and females by age group and method. The food checklist had fewer items reported across all of the age and sex groups, although this may in part reflect the grouping of particular food items in the food checklist and differences in approaches to coding compared with the other methods. In a univariate general linear model taking into account age and sex, the 24-hour * Table 1 shows that 810 (67%) of 1204 households that completed the screener were eligible to take part in the study. These numbers were based on the interviewers' doorstep computation of deprivation score based on the responses to the screening questionnaire. In practice, 19 further households were identified as eligible according to a computer computation of the deprivation score based on the responses to the relevant individual items in the screening questionnaire. This brought the overall percentage eligible to 69%. These 19 households were deemed to be false negatives; as a result of a doorstep error in computation of the deprivation score, they were not invited to take part in the study.
y High mean and standard deviation for thiamin in males aged 60-90 years (semi-weighed) is due to consumption of quorn (36.6 mg thiamin/ 100 g 10 ).
* Weighted means taking day of week into account (there were fewer interviews for Saturday in the 24-hour recall) did not differ from the unweighted means by more than 1% for any nutrient except alcohol 3 .
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recall was more likely to have significantly more items reported compared with the other methods (ANOVA, P , 0.001). Table 6 shows the overall preference of the four methods by respondents and interviewers. Respondents preferred the food checklist because they felt it was easier than the other methods (49%) and because they did not have to do much writing (26%). Similar reasons were given for preferring the 24-hour recall: it was the easiest (36%) or did not require any recording by the respondents (30%). The weighed inventory was preferred by some respondents because they found it interesting (20%), enjoyed using the scales (17%) and it made them think more about what they ate and drank (17%) (this could be regarded a disadvantage if the aim is to assess 'usual' intake).
Interviewers ranked the methods taking into consideration interviewer burden and most accurate method at reflecting the respondent's intake. Six of the eight interviewers preferred the 24-hour recall. The semiweighed method was liked least by respondents and interviewers. Dietary assessment in materially deprived households 
Discussion
The sample in the present study is likely to be representative of households in London living in materially deprived circumstances. The selection will, of course, have been affected by the specific deprivation index used for the study. This, in turn, will have had an impact on the types of households recruited into the study and hence the types of problems encountered when completing the methods. The results are therefore biased towards households meeting the deprivation index criteria, especially living on low income, but generally suffering from cumulative material deprivation 28 . Information obtained from the screening questionnaire allowed the comparison of deprivation characteristics of those who agreed to take part in the study and those who refused. Deprivation was not found to be associated with willingness or ability to cooperate in or to complete the study, since no difference was found in the distribution of deprivation scores between eligible households, those that made an appointment and those that finished the study 3 . However, a substantial loss of households during recruitment was due to respondents not willing to answer the screener. Since no information could be obtained on these households, it is not known in what ways they may differ from those who completed the screener and subsequently took part in the study.
Respondents who posed special problems during the collection of the data are likely to be under-represented in the sample. These include minority ethnic group households where English was not spoken by the main respondents; alcoholics and soft drugs users; those ill at home, senile or incapacitated; and those with low literacy, numeracy and language skills. Respondents not represented in the study at all include those not living in permanent accommodation, pregnant or breast-feeding women, children under 2 years of age, hard drugs users, and those who were suffering or had previously suffered from an eating disorder.
In addition, the types of households willing to accept a substantial survey burden may not be wholly typical of all deprived households, especially those whose domestic management is poor (potentially having an adverse effect on diet) and for whom an additional burden was not tolerable 3 . The respondents who took part may have been interested in finding out more about their eating habits, be more health-conscious or behave in a different way from those who refused to take part in the study 29 .
The primary purpose of the sampling was to obtain a good, broad cross-section of low-income households in order to determine the types of problems likely to be encountered in the completion of a long and complex assessment of diet and related factors. On balance, it is felt that this purpose was achieved. While the sampling procedure may have resulted in some loss of representativeness regarding the entire population of lowincome and deprived households in London, it is unlikely to have had a major adverse effect on the cross-section of the types of problems encountered relating to survey methodology 3, 28 . The order of administration of the methods and the dropping of the semi-weighed method in wave 3 of fieldwork may have affected the dietary data in different ways. For example, there may have been an increase in the quality of the data collected for the weighed inventory since it was the last method to be completed and respondents may have benefited from a training effect (particularly as it was completed after the semi-weighed method which is similar to the weighed inventory in a number of ways). This may have been counterbalanced by respondent and interviewer survey fatigue negatively affecting the quality of the data, particularly for the weighed inventory, the last method to be completed 3, 28 .
The dropping of the semi-weighed method may have resulted in a reduction in quality of data for the weighed inventory in wave 3 since respondents did not benefit from using the scales in the semi-weighed method as they had done in waves 1 and 2. On the other hand, respondent survey fatigue was likely to have been less in wave 3 compared with waves 1 and 2, resulting in a possible increase in the quality of the data in wave 3. The main disadvantage to the omission of the semi-weighed method in wave 3 was the reduction in sample size for comparisons between methods 3 . The implications of the order of administration of the methods and the dropping of the semi-weighed method will be investigated in subsequent publications along with a number of other factors that may have affected the dietary data. These include:
> Distribution of days of the week across methods. > Respondents on special diets, e.g. weight-reducing. > Misreporting of dietary intake, e.g. underreporting levels across methods. > Respondents who reported eating/drinking less or more than usual and differences across methods. > Identification of respondents who were genuine low consumers rather than underreporters of intake.
Conclusion
The authors were asked by the Food Standards Agency (FSA) to recommend the method that, overall, provided the most valid data, in an acceptable way, with the fewest problems in data collection, processing and analysis for a pilot and national study of diet and nutrition in lowincome households in the UK. However, all of the methods performed differently in the subgroups for analyses, and there were inconsistencies in the findings regarding which could be described as the 'best' overall method 3 . In addition, there were logistical problems and subjective assessments that needed to be taken into account.
The evidence presented here (which forms only part of the results from this study) suggests that in terms of acceptability and effectiveness of the methods:
> The 24-hour recall was the method most preferred by interviewers for reporting diet. > The food checklist was the method most preferred by respondents for reporting diet. > The semi-weighed method was least liked for reporting diet by both interviewers and respondents. > The 24-hour recall and food checklist yielded higher estimates of energy and nutrient intake more often and the semi-weighed and weighed inventory less often. > The 24-hour recall was more likely to have significantly more items of food reported. > The 24-hour recall provided the most consistent results across all age and sex groups compared with the other methods.
The findings presented here (based on acceptability and effectiveness of the methods) and findings to be presented elsewhere (based on the validity of the methods and levels of misreporting) led the authors to recommend the multiple-pass repeat 24-hour recall method to the FSA for a pilot and thence national study of diet and low income in the UK.
